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Near-Field Scanning Optical Microscope for the Study of Polymer-Nanotube Interactions 
Final Report: Grant Number: 00-1-0226 (DURIP) 

Goal: This grant under the DURIP program of AFOSR is intended to establish a near- 
field scanning probe facility for use in the study of polymer-nanotube interactions. 
Unique capabilities of this facility will be near-field based spectroscopy including: 
Raman, absorption and luminescence. 

Progress Summary: Working with RHK Inc. and Nanonics Inc., a prototype optical 
system has been developed and delivered. This has been successfully coupled with a 
1.25 m spectrometer from Jobin Yvonne offering impressive line resolution as well as 
spatial resolution. The system is completely convertible from inverted (transmission 
NSOM) to reflection NSOM with no inherent instabilities detected. Calibration of the 
system is currently underway and insertion into ongoing research programs should take 
place within 2001. 

Details: At the current state of development of nano-sciences, high spatial resolution 
spectroscopy coupled with direct nano-scale imaging has been identified as one of the 
central needs of the field. Recent calls from DoD and other federal agencies for the 
establishment of characterization techniques at the nano-scale underscores the need for 
instrumentation development and characterization. This DURIP is specifically focused at 
establishing a facility for near-field spectroscopy capable of spatial resolution at 20 nm 
coupled with optical spectroscopy. 

The NSOM scanner itself is based on the 
Nanonics design that allows both bent tips (AFM normal 
force feedback) and straight tips (shear force) to be used 
for imaging. This was chosen to enhance the overall 
applicability of the device by allowing both, shear or 
normal forces, to be applied to supported nano-particles. 
An image of the bent fiber tip is shown in figure 1 (this 
image is from NANONICS). Figure 1: the bent fiber tips from 

The   collection   optics;   objectives,   etc.,   are     Nanonics allow imaging of nano- 
mounted in a Zeiss optical microscope that can be    particles susceptible to moving 
configured either in an inverted collection mode for    under shear force imaging, 
transmission NSOM studies or upright for reflected light 
collection. Generally, the illumination is through-fiber in this system, though other 
options are possible with a little trouble. Currently, the microscope offers confocal 
geometries as well, allowing for direct comparisons with near-field spectroscopic 
characterization. 

A general schematic of the spectroscopic setup is shown in figure 2. This systems 
delivers the collected light through a fiber optic to the 1.25 (0.04 nm resolution) 
spectrometer. The system is equipped for pulse counting detection using a cooled 
photomultiplier tube (PMT). Currently the gratings and PMT sensitivity is maximized 
for red to near-IR detection. Light sources available at the facility include Ar+ ion lasers, 
Ti-Sapphire lasers and a variety of dye lasers. Thus, the instrument has been well 
designed for recently introduced Gradient Field Raman (GFR) spectroscopy. Hallen et 



Figure 2: The setup is quite similar to H. 
Hallen et al with a couple of notable 
exceptions, (the figure shown here is a 
modification of that setup) They include 
the normal force  imaging as well as 

al. have shown that this 
spectroscopic technique actually 
utilizes different transition modes 
from far field Raman allowing 
much more local information to be 
accumulated. 

Naturally the issue with 
NSOM is spatial resolution. In 
carbon nanotube interactions 
studies, it is natural to desire a presnej 
resolution beyond the diameter of (y^m^ 
the nanotubes. In our cases 20 nm 
- 40 nm is acceptable with 1.4 nm 
being ideal. AFM imaging in the 
instrument can achieve this 
resolution, however, the actual 
photon resolution will not be as 
good. 
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Installation and checkout: The call for bids for the microscope, specifications given 
above, was approved by the university on 04/01/00. After bids were received and design 
parameters rechecked, the RHK-NANONICS bid was awarded 05/01/00. Since many 
parts of this microscope would be a "Special Order" microscope delivery was estimated 
to be 6 months. Delivery of the microscope was taken on 12/01/00 and setup was 
arranged for two months following. Several parts were still in development including the 
optical scaffolding for the collection optics. Final delivery and setup took place on 
06/01/01. Total time frame for order and delivery was close to one year. A number of 
technical factors led to the delay. However, the multi-purpose design of the microscope 
warranted the delay. 

AFM has been demonstrated to resolve 
multiwalled carbon nanotubes (DIA. 20 nm) with 
no difficulty. Repeated imaging also shows 
stability of the supported particles that far exceeds 
that of the shear force microscopes. Shown in 
figure 3 is one of the normal force imaging 
micrographs of MWNTs. There is little problems 
with tip convolution, suggesting well formed 
NSOM tips can be fabricated for this type of 
imaging. The large formation in the image (right) 
is amorphous carbon from the growth. The 
nanotube lying across the substrate (lower) is quite 
long and shows a height of 20 nm. 

Figure 3: AFM of a MWNT (raw data) 



Summary: Clemson University now has an excellent NSOM facility with Raman, 
absorption and luminescence capabilities. Force feedback resolution of MWNTs and 
recently SWNT bundles has already been achieved. Tests of the spectrometer and other 
auxiliary equipment have been performed and all fall within manufacturers 
specifications. 

There are current 3 publications in preparation that credit this instrumentation 
grant. The instrument will be used on several currently sponsored programs including the 
AFOSR F49620-99-1-0173. 


